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(54) OPTICAL TRANSMITTER, OPTICAL REPEATER AND OPTICAL CROSS CONNECTION 
DEVICE 


(57) Disclosed are a piece of optical transmission 
equipment a piece of optical cross-connect equipment 
for controlling switches according to supervisory infor- 
mation and. The optical transmission equipment com- 
prises a doped fiber for amplifying an optical signal of 
wavelength Ad, a wavelength multiplexing device for 
inputting pumping light to the doped fiber, a wavelength 
multiplexing device for multiplexing an amplified optica! 
signal and a supervisory optical signal and outputting 


the multiplexed signal to an optical fiber provided on the 
downstream side, a pumping and supervisory light 
source, an optical coupler for distributing light from the 
light source to the wavelength multiplexing devices at a 
ratio of N : 1 , and a driver supplied with the supervisory 
information and a direct current signal so as to control 
the light source. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to optical trans- s 
mission equipment an optical repeater and optical 
cross-connect equipment, and particularly to optical 
transmission equipment, an optical repeater and optical 
cross-connect equipment each having an optical ampli- 
fier constructed by an optical fiber doped with Erbium, w 
etc. 

BACKGROUND ART 

[0002] In a network constructed of a plurality of pieces is 
of node equipment electrically connected to one 
another through optical ftoers, optical transmission 
equipment each having an optical amplifier constructed 
by an optical fiber (hereinafter called "doped fiber") 
doped with Erbium, etc. and a pumping light source are 20 
normally used inside the respective node equipment. 
The optical transmission equipment has the function of 
receiving a data optical signal and a supervisory optical 
signal supplied from the upstream side thereof, which 
are different in wavelength from each other, amplifying 25 
the data optical signal and outputting it to the down- 
stream side thereof, or taking it in the its own node 
equipment. Further, the optical transmission equipment 
has the function of receiving the supervisory optical sig- 
nal and outputting a new supervisory optical signal to 30 
the downstream side thereof, and outputting a data opti- 
cal signal on which data from within its own node equip- 
ment is carried, to the downstream side thereof. In order 
to achieve the functions described above, the optical 
transmission equipment according to the related art is 35 
constructed so as to have two light sources, i.e., a 
pumping light source for pumping the doped fiber and a 
light source for the supervisory optical signal. 
[0003] The optical transmission equipment according 
to the related art referred to above must be provided 40 
with two types of light sources. Therefore, the optical 
transmission equipment has a problem in that the 
number of devices constituting the entire optical trans- 
mission equipment increases and its configuration 
becomes complex. 45 

DISCLOSURE OF INVENTION 

[0004] An object of the present invention is to provide 
optical transmission equipment, an optical repeater, so 
optical cross-connect equipment, node equipment and 
an optical network capable of solving the problem of the 
related art and which can be simplified in their device 
configurations and constructed at low cost. 
[0005] According to the present invention, the above- ss 
described object is achieved by optical transmission 
equipment comprising one or a plurality of doped fibers 
for amplifying an input optical signal by a pumping light, 


and an optical multiplexing device for multiplexing a 
supervisory optical signal different in wavelength from 
the data optical signal together with data optical signals 
outputted from one or plural doped fibers referred to 
above and outputting the multiplexed signal therefrom, 
and wherein a pumping and supervisory light source 
shared for the pumping light source and the light source 
of the supervisory optical signal with respect to one or 
plural doped fibers is provided. 
[0006] Further, the above-described object is 
achieved by providing an optical coupler for distributing 
light outputted from the pumping and supervisory light 
source to one or plural doped f kers and the optical mul- 
tiplexing device referred to above and thereby control- 
ling the pumping and supervisory light source so as to 
output light modulated by supervisory information, or 
providing a modulator for modulating light according to 
the supervisory information between the optical coupler 
and the optical multiplexing device and thereby control- 
ling the pumping and supervisory light source so as to 
output light indicative of a constant output according to 
a direct current signal. 

[0007] Moreover, the above-described object is 
achieved by further providing an optical multiplexing 
device for separating an input optical signal into a 
supervisory optical signal and a data optical signal and 
a receiver for the supervisory optical signal. 
[0008] According to the present invention, the above- 
described object is achieved by optical cross-connect 
equipment comprising optical switches each having a 
plurality of input terminals and output terminals for an 
optical signal, and a controller for controlling the optical 
switches and wherein the above-described optical 
transmission equipment connected to the plurality of 
input terminals of the optical switches and the plurality 
of output terminals thereof respectively is provided, or a 
plurality of data transmitters and a plurality of data 
receivers connected to the plurality of input terminals of 
the optical switches respectively are provided, thereby 
controlling the optical switches, the data transmitters, 
the data receivers and the plurality of pieces of optical 
transmission equipment by the controller, or a pumping 
and supervisory light source used for the doped ffoer, 
which is necessary for the optical transmission equip- . 
ment is provided in common to the plurality of pieces of 
optical transmission equipment. 
[0009] Further, the above-described object is 
achieved by optical cross-connect equipment compris- 
ing an optical circuit including a plurality of input termi- 
nals and output terminals for optical signals, and a 
controller for controlling the optical circuit and wherein 
the optical circuit includes a wavelength multiplexing 
device, a wavelength demultiplexing device, an optical 
amplifier, or a regenerator other than the optical 
switches. 

[0010] Moreover, the above-described object is 
achieved by an optical network constructed by corwVect- 
ing a plurality of pieces of node equipment through 
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transmission lines using optical fibers therebetween, 
wherein each of the plurality of pieces of node equip- 
ment is constructed so as to have the above-described 
optical cross-connect equipment and an optical 
repeater including the above-mentioned optical trans- 5 
mission equipment is provided midway of a transmis- 
sion line using optical fibers connecting between the 
respective node equipment. 

BRIEF DESCRIPTION OF DRAWINGS 10 
[0011] 

Fig. 1 is a block diagram showing an example of a 
basic configuration of optical transmission equip- 15 
ment according to the present invention; 
Fig. 2 is a block diagram illustrating another exam- 
ple of a basic configuration of optical transmission 
equipment according to the present invention; 
Fig. 3 is a block diagram depicting a further exam- 20 
pie of a basic configuration of optical transmission 
equipment according to the present invention; 
Fig. 4 is a block diagram showing a still further 
example of a basic configuration of optical trans- 
mission equipment according to the present inven- 25 
tion; 

Fig. 5 is a block diagram illustrating an example of a 
configuration of optical transmission equipment 
according to the present invention; 
Fig. 6 is a block diagram depicting another example 30 
of a configuration of optical transmission equipment 
according to the present invention; 
Fig. 7 is a block diagram showing a further example 
of a configuration of optical transmission equipment 
according to the present invention; 35 
Fig. 8 is a block diagram illustrating a still further 
example of a configuration of optical transmission 
equipment according to the present invention; 
Fig. 9 is a block diagram depicting an example of a 
configuration of an optical repeater according to the 40 
present invention; 

Fig. 10 is a block diagram showing another example 
of a configuration of an optical repeater according 
to the present invention; 

Fig. 1 1 is a diagram for describing an example of a 45 
transmission system constructed by an optical 
repeater according to the present invention; 
Fig. 12 is a diagram for describing an example of 
optical cross-connect equipment according to the 
present invention; so 
Fig. 13 is a diagram for describing another example 
of optical cross-connect equipment according to the 
present invention; 

Fig. 14 is a diagram for describing an example of a 
configuration of an optical circuit of optical cross- ss 
connect equipment according to the present inven- 
tion; 

Fig. 15 is a diagram for describing another example 


of a configuration of an optical circuit of optical 
cross-connect equipment according to the present 
invention; 

Fig. 16 is a diagram for describing a further exam- 
ple of a configuration of an optical circuit of optical 
cross-connect equipment according to the present 
invention; 

Fig. 17 is a diagram for describing a still further 
example of a configuration of an optical circuit of 
optical cross-connect equipment according to the 
present invention; 

Fig. 18 is a diagram for describing a still further 
example of a configuration of an optical circuit of 
optical cross-connect equipment according to the 
present invention; 

Fig. 19 is a diagram for describing a further exam- 
ple of optical cross-connect equipment according to 
the present invention; 

Fig. 20 is a diagram for describing an example of a 
configuration of a supervisory signal transmitter 
and receiver of optical cross-connect equipment 
according to the present invention; 
Fig. 21 is a diagram for describing another example 
of a configuration of a supervisory signal transmit- 
ter and receiver of optical cross-connect equipment 
according to the present invention; 
Fig. 22 is a diagram for describing a further exam- 
ple of a configuration of a supervisory signal trans- 
mitter and receiver of optical cross-connect 
equipment according to the present invention; 
Fig. 23 is a diagram for describing a stilt further 
example of a configuration of a supervisory signal 
transmitter and receiver of optical cross-connect 
equipment according to the present invention; 
Fig. 24 is a diagram for describing a still further 
example of a configuration of an optical circuit of 
optical cross-connect equipment according to the 
present invention; 

Fig. 25 is a diagram for describing a still further 
example of optical cross-connect equipment 
according to the present invention; and 
Fig. 26 is a diagram showing an example of an opti- 
cal network constructed by pieces of node equip- 
ment each of which is comprised of optical cross- 
connect equipment according to the present inven- 
tion. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 2] Preferred embodiments of optical transmission 
equipment according to the present invention, an optical 
repeater including the optical transmission equipment, 
and an optical network using the optical repeater will 
hereinafter be described in detail with reference to the 
accompanying drawings. 

[001 3] Fig. 1 is a block diagram showing a basic con- 
figuration of a piece of optical transmission equipment 
according to an embodiment of the present invention, 
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and Fig. 2 is a block diagram illustrating another exam- 
ple of a basic configuration of a piece of optical trans- 
mission equipment according to an embodiment of the 
present invention, respectively. In Figs. 1 and 2, refer- 
ence numeral 1 1 indicates a doped fiber doped with 
Erbium, etc., reference numerals 12 and 14 indicate 
wavelength multiplexing devices, reference numeral 13 
indicates an isolator, reference numeral 15 indicates an 
optical coupler, reference numeral 16 indicates a light 
source for pumping and supervision, reference numeral 
17 indicates a driver, and reference numeral 18 indi- 
cates a bi-directional wavelength multiplexing device, 
respectively. Incidentally, the optical transmission equip- 
ment according to the embodiment of the present inven- 
tion, which are shown in Figs. 1 and 2. provide or exhibit 
only functions of amplification and transmission of a 
data optical signal inputted thereto and of transmission 
of a supervisory optical signal. Further, the optical 
transmission equipment can be utilized as a transmis- 
sion-side apparatus having data to be transmitted there- 
from. While a supervisory signal capturing or extracting 
function is omitted herein, the present function can be 
added thereto as the known component of apparatus. 
[0014] The optical transmission equipment shown in 
Fig. 1 comprises the doped fiber 1 1 which amplifies a 
data optical signal having a wavelength Xd inputted from 
an optical ftoer on the upstream side in response to 
pumping light inputted to the doped fiber 1 1, the wave- 
length multiplexing device 12 which inputs the pumping 
light to the doped ftoer 1 1 , the optical isolator 13 which 
transmits the amplified data optical signal sent from the 
wavelength multiplexing device 12 in a predetermined 
direction, i.e., only in the right direction in the case of the 
illustrated example, the wavelength multiplexing device 
14 which multiplexes the amplified data optical signal 
and a supervisory optical signal having a wavelength Xp 
and outputs it to an optical fiber on the downstream 
side, the light source 16 for pumping and supervision, 
which emits a light of wavelength Xp for pumping and 
supervision, the optical coupler 15 which distributes the 
pumping and supervisory light emitted from the light 
source 16 to the wavelength multiplexing devices at a 
constant ratio of N : 1, and the driver 17 which is sup- 
plied with supervisory information and a direct current 
signal so as to control the light source 16. While the 
optical isolator 13 is placed between the wavelength 
multiplexing devices 12 and 14 in the aforementioned 
example of construction, it may be placed so as to differ 
in position. Alternatively, the optical isolator 13 may be 
omitted. Further, the wavelength multiplexing device 12, 
the wavelength multiplexing device 14 and the optical 
coupler 15 can be integrally formed as an optical circuit. 
[001 5] A feature of the optical transmission equipment 
shown in Fig. 1 according to the embodiment of the 
present invention resides in that only the pumping and 
supervisory light source 16 provides the light source for 
pumping the doped fiber 1 1 and the light source for the 
supervisory information. Namely, the pumping and 


supervisory light source 16 outputs a light of wavelength 
Ap usable for the light source for pumping the doped 
fiber 1 1 and the light source for supervisory information. 
This light is divided at the constant ratio N : 1 predeter- 

5 mined by the optical coupler 1 5 in power thereof. The 
light divided at "N" of the ratio is applied to the doped 
fiber 11 through the wavelength multiplexing device 12 
so as to pump up the doped fiber 1 1 . The light divided at 
"1 " of the ratio is inputted to the wavelength multiplexing 

70 device 1 4 as the supervisory optical signal together with 
the amplified data optical signal inputted through the 
isolator 13, followed by multiplexing. Thereafter, the 
multiplexed signal is outputted to the optical fiber on the 
downstream side. Here, the "N w is a value determined 

15 by the ratio of the power of pumping light necessary for 
the doped fiber and that necessary for the supervisory 
optical signal. It may generally range from 10 to several 
hundreds. As a matter of course, the power of the light 
outputted from the pumping and supervisory light 

20 source 1 6 needs more than the sum of the power of the 
pumping light necessary for the doped ftoer and that 
necessary for the supervisory optical signal. 
[0016] Since the pumping and supervisory light 
source 16 is controlled by the driver 17 which receives 

25 the direct current signal DC and the supervisory infor- 
mation, the light outputted therefrom results in one mod- 
ulated by the supervisory information and the power 
thereof results in one controlled by the direct current 
signal DC. As described above, part of the output light is 

30 inputted to the wavelength multiplexing device 1 4 as the 
supervisory optical signal together with the amplified 
data optical signal inputted through the isolator 13, 
where they are subjected to multiplexing, followed by 
output to the optical fiber on the downstream side. Fur- 

35 ther, the modulated part of light output is supplied to the 
doped fiber 11 so as to pump the doped fiber. Since, 
however, the supervisory information is low in bit rate, 
the doped fiber 1 1 is pumped without being affected by 
the modulated pumping light. 

40 [0017] The optical transmission equipment shown in 
Fig. 2 according to the embodiment of the present 
invention is one wherein a bi-directional wavelength 
multiplexing device 18 is provided as an alternative to 
the wavelength multiplexing devices 12 and 14 and opti- , 

45 cal isolator 13 employed in the optical transmission 
equipment described with reference to Fig. 1 . Other por- 
tions are constructed in a manner similar to those 
shown in Fig. 1. In the optical transmission equipment 
according to the present embodiment, the bi-directional 

so wavelength multiplexing device 18 supplies the output 
light produced from the pumping and supervisory light 
source 16. which is divided by the optical coupler 15, to 
the doped fiber 11 as the pumping light. Further, the bi- 
directional wavelength multiplexing device 18 outputs 

55 the amplified data optical signal and the supervisory 
optical signal produced from the pumping and supervi- 
sory light source 1 6, which is divided by the optical -Cou- 
pler 15, to the optical fiber on the downstream side. 
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[0018] According to the embodiments of the present 
invention, which are shown in Figs. 1 and 2, the single 
pumping and supervisory light source 16 can be shared 
for the light source for pumping the doped fiber 1 1 and 
the light source for the supervisory information, thereby 
making it possible to simplify the construction of the 
optical transmission equipment. While the data optical 
signal is described as a signal of a single wavelength in 
the configurations shown in Figs. 1 and 2, it may be a 
signal of wavelength multiplexed. 
[0019] Fig. 3 is a block diagram showing a basic con- 
figuration of optical transmission equipment according 
to a further embodiment of the present invention, and 
Fig. 4 is a block diagram showing another example of a 
basic configuration of optical transmission equipment 
according to an embodiment of the present invention, 
respectively. In Figs. 3 and 4, reference numeral 19 indi- 
cates a modulator, and other reference numerals are 
the same as those shown in Figs. 1 and 2. Although the 
optical transmission equipment described in Figs. 1 and 
2 are constructed so that the supervisory information is 
inputted to the driver 1 7 for controlling the pumping and 
supervisory light source 16 to modulate the output light 
from the pumping and supervisory light source 16 
according to the supervisory information, the optica! 
transmission equipment according to the embodiments 
of the present invention, which are shown in Figs. 3 and 
4, are provided with the modulator for the supervisory 
information separately and operate in a manner similar 
to the optical transmission equipment explained in Figs. 
1 and 2. 

[0020] The optical transmission equipment shown in 
Fig. 3 according to the embodiment of the present 
invention is basically identical to the optical transmis- 
sion equipment shown in Fig. 1 . However, the optical 
transmission equipment shown in Fig. 3 is different from 
that shown in Fig. 1 in that the modulator 19 for modu- 
lating the input light according to the supervisory infor- 
mation is inserted between the wavelength multiplexing 
device 14 for multiplexing the amplified data optical sig- 
nal (whose wavelength is Ad) and the supervisory opti- 
cal signal and outputting the multiplexed signal to the 
optical fiber on the downstream side, and the optical 
coupler 1 5 for distributing the output light produced from 
the light source 16 at the constant ratio N : 1 f or the pur- 
poses of pumping and supervision. Thus, the driver 17 
employed in the present embodiment may simply con- 
trol the power of the output light of the pumping and 
supervisory light source 16, based on the direct current 
signal DC. Although, however, the optical isolator is not 
shown in Fig. 3, it can be also provided in the same 
manner as in Fig. 1. 

[0021] The optical transmission equipment shown in 
Fig. 4 according to the embodiment of the present 
invention is basically identical to that shown in Fig. 2. 
However, the optical transmission equipment shown in 
Fig. 4 is different from that shown in Fig. 2 in that the 
modulator 19 for modulating the input light according to 


the supervisory information is inserted between the 
input terminal for the supervisory optical signal of the bi- 
directional wavelength multiplexing device 18 and the 
optical coupler 15 for distributing the output light pro- 

s duced from the light source 16 at the constant ratio N : 
1 for the purposes of pumping and supervision. Thus, 
even in the case of the present embodiment, the driver 
1 7 may simply control the power of output light of the 
pumping and supervisory light source 16, based on the 

10 direct current signal DC. 

[0022] According to the embodiments of the present 
invention, which are shown in Figs. 3 and 4, since the 
pumping output light produced from the pumping and 
supervisory light source 16 is not modulated, the pump- 

15 ing and supervisory light source 16 can pump up the 
doped fiber 1 1 with pure pumping light. Further, even 
when the bit rate of the supervisory information 
increases, the pumping and supervisory light source 16 
can pump up the doped ffoer 1 1 with certainty. Although 

20 the data optical signal is described as a signal of a sin- 
gle wavelength in the configurations shown in Figs. 3 
and 4, the data optical signal may be a wavelength mul- 
tiplexed signal. 

[0023] Fig. 5 is a block diagram showing a configura- 
25 tion of optical transmission equipment according to an 
embodiment of the present invention. In Fig. 5, refer- 
ence numerals 11a through 11n indicate doped fibers, 
reference numerals 12a through 12n indicate wave- 
length multiplexing devices, and reference numeral 20 
30 indicates a star coupler, respectively. Other reference 
numerals are the same as those shown in Fig. 3. The 
embodiment of the present invention shows an applica- 
tion of the embodiment shown in Fig. 3 and is one in 
which the present invention is applied to a piece of 
35 wavelength multiplexed type optical transmission equip- 
ment. 

[0024] The optical transmission equipment shown in 
Fig. 5 comprises the plurality of doped fibers 11a 
through 11n for respectively amplifying a plurality of 

40 data optical signals having wavelengths Ad-j through 
Ad n , the wavelength multiplexing devices 12a through 
12n provided so as to correspond to the respective 
doped fibers 1 1a through 1 1 n, for respectively supplying 
pumping light to these doped fibers 11a through 11n 

45 and transmitting the amplified data optical signals; a 
wavelength multiplexing device 14 for multiplexing the 
amplified data optical signals and a supervisory optical 
signal of wavelength Ap and outputting the multiplexed 
signal to an optical fiber on the downstream side, a 

so modulator 19 for modulating input light according to 
supervisory information and transmitting it to the wave- 
length multiplexing device 14, a star coupler 20 for dis- 
tributing light outputted from a pumping and supervisory 
light source 16 to the wavelength multiplexing devices 

55 12a through 12n and the modulator 19, the pumping 
and supervisory light source 16 for emitting the light of 
wavelength Ap for pumping and supervision and a 
driver 1 7 supplied with a direct current signal DC so as 
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to control the power of the output light of the light source 
16. 

[0025] Although each of the data optical signals Xd 1 
through Ad n is explained as a signal of a single wave- 
length in the configuration shown in Fig. 5, they may be 
wavelength multiplexed signals respectively. 
[0026] In the aforementioned embodiments shown in 
Figs. 1 through 5, when the doped fibers 11a through 
11 n are of Erbium-doped fibers doped with Erbium, 
wavelengths of light signals lying in a 1 .48 p,m-band or 
wavelengths of light signals lying in a 0.98 jtm-band are 
used as the wavelengths Ap of the pumping and super- 
visory optical signals. In this case, wavelengths of light 
signals lying within a 1.5 jim-band are used as the 
wavelengths of the data optical signals Ad-, through Ad n . 
[0027] In addition to the effects obtained by the 
embodiment shown in Fig. 3, the embodiment shown in 
Fig. 5 according the present invention can obtain effects 
in that the plurality of doped fibers can be pumped up by 
providing one pumping and supervisory light source 16 
alone, and the light source can be shared for the super- 
visory information. 

[0028] Fig. 6 is a block diagram showing another con- 
figuration of the optical transmission equipment accord- 
ing to the embodiment of the present invention. In Fig. 
6, reference numeral 1V indicates a doped fiber, and 
reference numerals 12' and 14" indicate wavelength 
multiplexing devices. Other reference numerals are the 
same as those shown in Figs. 3 and 5. The embodiment 
of the present invention shows an application of the 
embodiment shown in Fig. 3 and is one in which the 
present invention is applied to bi-directional optical 
transmission equipment. 

[0029] The optical transmission equipment shown in 
Fig. 6 is optical transmission equipment wherein data 
optical signals of wavelengths Xd 1 and Ad 2 are respec- 
tively transmitted in reverse directions through each 
independent optical ftoer. A portion for amplifying the 
data optical signal of wavelength ^ and relaying it, 
which is comprised of the doped fiber 1 1 , wavelength 
multiplexing devices 12 and 14, and modulator 19, is 
completely the same as that shown in Fig. 3 in configu- 
ration. The present optical transmission equipment is 
different from that shown in Fig. 3 in that there are pro- 
vided the doped fiber 11\ wavelength multiplexing 
devices 12* and 14* and modulator 19' for amplifying the 
data optical signal of wavelength A d 2 and relaying it in 
the opposite direction. The embodiment of the present 
invention shown in Fig. 6 is constructed so as to have a 
star coupler 20 for distributing light outputted from a 
pumping and supervisory light source 16 to the wave- 
length multiplexing devices 12 and 12' and modulators 
19 and 19 in common with respect to these, the pump- 
ing and supervisory light source 16 for emitting light 
having wavelength Ap for pumping and supervision, and 
a driver 17 for controlling the power of output light of the 
light source 16 according to the application of a direct 
current signal DC. 


[0030] In addition to the effects obtained by the 
embodiment shown in Fig. 3. the embodiment shown in 
Fig. 6 according to the embodiment of the present 
invention can obtain effects in that the two doped fibers 

s for amplifying the data optical signals to be transmitted 
in the directions opposite to each other can be pumped 
up by providing one pumping and supervisory light 
source 16 alone, and the light source can be also 
shared for the supervisory information. 

w [0031] Incidentally, the light signals of Ad, and Ad 2 
may be bi-directionally transmitted by a single optical 
ftoer. In such a case, it is necessary to add, on the left 
and right side, i.e., both sides of the optical transmission 
equipment shown in Fig. 6, devices which perform the 

15 multiplexing and demultiplexing of the light signals of 
Ad-j and Ad2. While the data optical signal is described 
as a signal having a single wavelength in the configura- 
tion shown in Fig. 6, it may be a wavelength multiplexed 
signal. 

20 [0032] The present embodiment can be applied even 
to the optical transmission equipment of the wavelength 
multiplexed type shown in Fig. 5. As a result, it can con- 
struct a piece of bi-directional optical transmission 
equipment of wavelength multiplexed type. 

25 [0033] Fig. 7 is a block diagram showing a further con- 
figuration of the optical transmission equipment accord- 
ing to the embodiment of the present invention. 
Reference numerals in the drawing are identical to 
those shown in Fig. 3. 

30 [0034] In the respective embodiments according to 
the present invention, which have been described so 
far, the data optical signal and the supervisory optical 
signal are identical to each other in the direction of 
transmission. However, the present embodiment 

35 according to the present invention shows an example 
wherein the transmission direction of the supervisory 
optical signal is set opposite to that of the data optical 
signal. 

[0035] The optical transmission equipment shown in 

40 Fig. 7 according to the embodiment of the present 
invention is different from that shown in Fig. 3 in that a 
doped fiber is provided on the output side of the data 
optical signal and a modulator 1 9 for supervisory infor- 
mation is provided between a wavelength multiplexing 

45 device 14 provided on the input side and a coupler 15. * 
The present optical transmission equipment is con- 
structed in the same as that shown in Fig. 3 in other 
respects. Owing to such a construction, the optical 
transmission equipment shown in Fig. 7 can transmit 

so the supervisory optical signal modulated by the modula- 
tor 19 based on the supervisory information in the direc- 
tion opposite to that of transmission of the data optical 
signal through the wavelength multiplexing device 14. 
[0036] Although the data optical signal is described as 

55 a signal of a single wavelength in the configuration 
shown in Fig. 7, it may be a wavelength multiplexed sig- 
nal. 

[0037] Fig. 8 is a block diagram illustrating a still fur- 
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ther configuration of the optical transmission equipment 
according to the embodiment of the present invention. 
Reference numerals in the drawing are identical to 
those shown in Fig. 6. The present embodiment of this 
invention makes it possible to pump up a doped fiber 
from both directions thereof. 

[0038] The optical transmission equipment shown in 
Fig. 8 according to the embodiment of the present 
invention is completely the same as that shown in Fig. 3 
in that a portion for amplifying the data optical signal of 
wavelength Ad and relaying it, which is comprised of the 
doped fiber 1 1 , wavelength multiplexing devices 12 and 
14, and modulator 19, while it is different from that 
shown in Fig. 3 in configuration, in that another wave- 
length multiplexing device 12* is provided at a front 
stage of the doped fiber 11, and an input data optical 
signal and pumping light are inputted to the wavelength 
multiplexing device 12'. The embodiment of the present 
invention shown in Fig. 8 comprises a star coupler 20 for 
distributing light outputted from a pumping and supervi- 
sory light source 16 to the wavelength multiplexing 
devices 12 and 12' and modulator 19 in common with 
respect to these, the pumping and supervisory light 
source 16 for emitting light having wavelength Ap for 
pumping and supervision, and a driver 17 for controlling 
the power of the output light of the light source 16 
according to the application of a direct current signal 
DC. 

[0039] According to such a construction, the doped 
fiber 1 1 is pumped up from both directions by the wave- 
length multiplexing devices 12 and 12\ so that a large 
optical amplification factor or gain can be obtained. In 
the present construction as well, the two doped fibers 
1 1 can be provided in series at positions shown in the 
drawing. In this case, a further large optical amplifica- 
tion factor or gain can be obtained. 
[0040] According to the embodiment of the present 
invention shown in Fig. 8, the provision of one pumping 
and supervisory light source 16 alone allows the ampli- 
fication of the data optical signal with the large amplifi- 
cation gain. It is also possible to obtain an effect that the 
light source can be shared even for the supervisory 
information. 

[0041] Though the data optical signal is explained as 
a signal of a single wavelength in the configuration 
shown in Fig. 8, it may be a wavelength multiplexed sig- 
nal. 

[0042] The respective embodiments of the present 
invention described so far have been explained as the 
optical transmission equipment having only the function 
of amplifying and transmitting the input data optical sig- 
nal and the function of transmitting the supervisory opti- 
cal signal. A description will next be made of 
embodiments of optical repeaters each provided with 
the function of taking in or extracting supervisory infor- 
mation from the corresponding optical transmission 
equipment on the upstream side with respect to the 
aforementioned optical transmission equipment accord- 


ing to the respective embodiments of the present inven- 
tion. 

[0043] Fig. 9 is a block diagram showing an example 
of a configuration of an optical repeater according to 

5 another embodiment of the present invention, and Fig. 
1 0 is a block diagram showing another configuration of 
the optical repeater according to the embodiment of the 
present invention, respectively. In Figs. 9 and 10, refer- 
ence numeral 11" indicates a doped fiber, reference 

10 numeral 12" indicates a wavelength multiplexing device, 
reference numeral 91 indicates the optical transmission 
equipment heretofore described by the embodiments, 
reference numeral 92 indicates a wavelength demulti- 
plexing device, reference numeral 93 indicates a super- 

15 visory information receiver, reference numeral 94 
indicates a controller, and reference numeral 95 indi- 
cates a pumping light source, respectively. 
[0044] The optical repeater shown in Fig. 9 according 
to the embodiment of the present invention comprises. 

20 on the input side of the optical transmission equipment 
91 having the configuration according to each of the 
embodiments of the present invention explained by ref- 
erence to Figs. 1 through 4 and Fig. 8, the doped fiber 
11". the wavelength multiplexing device 12" for inputting 

25 a data optical signal and pumping light produced from 
the pumping light source 95 to the doped fiber, the 
wavelength demultiplexing device 92 for extracting a 
data optical signal of wavelength Ad and a supervisory 
optical signal of wavelength Ap from an input light sig- 

30 nal, the supervisory information receiver 93 for receiv- 
ing the supervisory optical signal and converting it into 
an electrical signal, followed by delivery to the controller, 
and the controller 94 for controlling the overall optical 
repeater. In the embodiment of the present invention 

35 shown in Fig. 9, optical signals including a data optical 
signal and a supervisory optical signal sent from 
another unillustrated optical repeater which is con- 
nected to the front stage, are divided into the data opti- 
cal signal and the supervisory optical signal by the 

40 wavelength demultiplexing device 92. The supervisory 
optical signal of wavelength Ap is converted to the elec- 
trical signal by the supervisory information receiver, 
which in turn is inputted to the controller 94. Together 
with the pumping light produced from the pumping light 

45 source 95 emitting the light of wavelength Ap, the data 
optical signal of wavelength Ad is supplied via the wave- 
length multiplexing device 11 to the doped ftoer 11, 
where it is amplified and inputted to the optical transmis- 
sion equipment 91 . The controller 94 for controlling the 

so overall optical repeater produces electrical supervisory 
information to be transmitted to a back stage thereof on 
the basis of the supervisory information outputted from 
the supervisory information receiver 93 and transmits it 
to the optical transmission equipment 91 . As described 

55 above, the optical transmission equipment 91 produces 
a supervisory optical signal, based on the supervisory 
information sent from the controller 94 and transmits it 
to the downstream side together with the input data opti- 
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cal signal. 

[0045] Although the pumping light source 95 for 
pumping the doped f toer 1 1 " is provided in the example 
shown in Fig. 9, it can be used in common with a pump- 
ing and supervisory light source provided within the s 
optical transmission equipment 91. If the wiring is made 
as indicated by a dotted line in Fig. 9, then the pumping 
light source 95 can be omitted. 

[0046] The optical repeater shown in Fig. 10 accord- 
ing to the embodiment of the present invention is one in w 
which the doped fiber IT, wavelength multiplexing 
device 12" and pumping light source 95 employed in the 
optical repeater shown in Fig. 9 are deleted to thereby 
omit the amplification function of the data optical signal 
therefrom. This example is suitable for use in the case in 75 
which the optical transmission equipment 91 is provided 
with the doped f toer having sufficient gain. This can per- 
form the same function with a simple structure as com- 
pared with the doped fiber shown in Fig. 9. According to 
the embodiments shown in Figs. 9 and 10, a complete 20 
optical repeater having the function of extracting the 
supervisory signal can be simplified in configuration. 
Further, the data optical signal may be a signal of a sin- 
gle wavelength or a wavelength multiplexed signal in 
which a plurality of wavelengths are multiplexed. 25 
[0047] Although the optical transmission equipment 
having the construction described by the embodiment of 
the present invention shown in each of Figs. 1 through 4 
and Fig. 8 is used as the optical transmission equipment 
91 in the embodiments of the present invention shown 30 
in Figs. 9 and 10. the present invention can utilize the 
optical transmission equipment according to the 
embodiments of the present invention shown in Figs. 5 
through 7 as the optical transmission equipment 91 so 
as to construct the optical transmission equipment of 35 
wavelength multiplexed type, the optical transmission 
equipment of bi-directional type, and the optical trans- 
mission equipment for transmitting the supervisory opti- 
cal signal in the direction opposite to that of the data 
optical signal. 40 
[0048] Fig. 1 1 is a diagram for describing an example 
of a transmission system constructed by the optical 
repeaters according to the embodiments of the present 
invention which haven heretofore been described. In 
Fig. 11, reference numeral 111 indicates optical trans- 45 
mission equipment of the transmitting side, reference 
num raM12 indicates a controller, reference numerals 
113 through 115 indicate optical repeaters, and refer- 
ence numeral 1 16 indicates optical transmission equip- 
ment of the receiving side, respectively. 50 
[0049] In Fig. 1 1 , the optical transmission equipment 
1 1 1 of the transmitting side is provided at a data trans- 
mitting end and supplied with a data optical signal from 
an unillustrated data transmitter. Further, supervisory 
information represented in the form of an electrical sig- 55 
nal is inputted to the optical transmission equipment 
1 1 1 from the controller 1 1 2. One of the pieces of optical 
transmission equipment according to the embodiments 


of the present invention, which are described with refer- 
ence to Figs. 1 through 4 and Fig. 8, for example, may 
be used as the present optical transmission equipment 
111 of the transmitting side. The optical repeater 1 1 1 
transmits an optical signal obtained by amplifying the 
inputted data optical signal and a supervisory optical 
signal modulated according to the supervisory informa- 
tion from the controller 1 12 to the optical transmission 
equipment 1 16 of the receiving side through a transmis- 
sion line composed of optical fibers respectively having 
the optical repeaters 1 13 through 115. One of the opti- 
cal repeaters according to the embodiments of the 
present invention described in Figs. 9 and 10 may be 
used as the optical repeaters 1 13 through 1 1 5. Further, 
the equipment 116 of the receiving side takes a con- 
struction excluding the optical transmission equipment 
91 of the optical repeater described in Fig. 9. Light out- 
putted from a doped fiber 1 1 " is connected to an unillus- 
trated data receiver. The equipment 1 16 of the receiving 
side may take a configuration excluding the optical 
transmission equipment 91 of the optical repeater 
described in Fig. 10. While the data optical signal is 
described as the signal of single wavelength in the con- 
struction shown in Fig. 11 , it may be a wavelength mul- 
tiplexed signal. 

[0050] Fig. 12 is a diagram for describing an example 
of optical cross-connect equipment constructed by the 
optical repeaters according to the embodiments of the 
present invention mentioned above. In Fig. 12, refer- 
ence numerals 121-1 through 121-n and 122-1 through 
122-n indicate optical repeaters, reference numeral 123 
indicates an optical switch, and reference numeral 124 
indicates a controller, respectively. 
[0051] The example of the optical cross-connect- 
equipment shown in Fig. 12 illustrates the optical cross- 
connect equipment which incorporates therein the opti- 
cal repeaters according to the respective embodiments 
of the present invention described above. The present 
optical cross-connect equipment comprises the optical 
switch 123 having a large number of optical switching 
elements and the function of switching between optical 
signals so that each optical signal is transmitted from 
any input terminal to any output terminal, a plurality of 
the optical repeaters 121-1 through 121-n electrically - 
connected to their corresponding plural input terminals, 
a plurality of the optical repeaters 122-1 through 122-n 
electrically connected to their corresponding plural out- 
put terminals, and the controller 124 for controlling the 
entirety of these. 

[0052] Since it is constructed so as to have the large 
number of optical switching elements thereinside, the 
optical switch 123 causes an insertion loss of light. 
Therefore, the plurality of optical repeaters 121-1 
through 121-n electrically connected to their corre- 
sponding input terminals of the optical switch 123 may 
preferably be provided with an optical amplifying func- 
tion respectively. In the example shown in Fig. 12!*the 
optical switch 123 takes a structure wherein the optical 
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transmission equipment 91 is omitted from the optical 
repeater described with reference to Fig. 9. Further, 
lights outputted from doped fibers 1 1 " are connected to 
the optical switch 123. In the above-described construc- 
tion, only one of pumping light sources 59 contained in 
the plurality of optical repeaters 121-1 through 121-n 
may be provided over all of the optical repeaters 121-1 
through 121-n and may be shared between the optical 
repeaters 121-1 through 121-n. When the data optical 
signals inputted to the optical repeaters 121-1 through 

121- n are large in level, the optical repeaters 121-1 
through 121-n need not have the amplifying function. In 
this case, as the optical repeaters 121-1 through 121-n 
may be used those each having a construction exclud- 
ing the optical transmission equipment 91 of the optical 
repeater described with reference to Fig. 10. 

[0053] In the example illustrated in Fig. 1 2, each of the 
plurality of optical repeaters 122-1 through 122-n con- 
nected to their corresponding output terminals of the 
optical switch 123 makes use of the optical repeater 
described with reference to Fig. 1. Further, the optical 
transmission equipment described with reference to 
Figs. 2 through 4 and Fig. 8 can be used as these opti- 
cal repeaters 122-1 through 122-n. 
[0054] In the optical cross-connect equipment con- 
structed as described above, the controller 124 receives 
supervisory information each divided from the optical 
signal inputted to each optical repeater and converted 
into an electrical signal, from the respective optical 
repeaters 121-1 through 121-n, and controls the optical 
switch 123 based on the supervisory information or 
other control information thereby to output the data opti- 
cal signals outputted from the optical repeaters 121-1 
through 121-n to their corresponding optical repeaters 

122- 1 through 122-n on the output side. Further, the 
controller 124 effects necessary processing on the 
received supervisory intonation and distributes the 
respective supervisory information to the optical repeat- 
ers 122-1, 122-n to transmit the supervisory informa- 
tion, thereby controlling the corresponding pumping and 
supervisory tight sources 1 6 provided within the respec- 
tive optical repeaters. 

[0055] When the respective optical transmission 
equipment described with reference to Figs. 3, 4 and 8 
are used as the optical repeaters 122-1 through 122-n, 
the controller 124 may control the modulator 19 accord- 
ing to the supervisory information. In this case, only one 
of the pumping and supervisory light sources 16 pro- 
vided in the optical transmission equipment described 
with reference to Figs. 3, 4 and 8 may be provided over 
all of the optical repeaters 122-1 through 122-n and may 
be shared between the optical repeaters 122-1 through 
122-n. Further, the single pumping and supervisory light 
source may be used in common as the pumping light 
sources for the optical repeaters 121-1 through 121-n. 
[0056] In the optical cross-connect equipment con- 
structed as described above, the optical switches and 
the large number of optical repeaters contained therein- 


side can be controlled by the single controller. Further, 
the single light source can be shared for the pumping 
light source and the light source for supervisory infor- 
mation although it depends on the output power of the 
5 light source. Moreover, the present light source can be 
shared between the large number of optical repeaters. 
Thus, the equipment can be constructed in small size 
and at low cost. 

[0057] Although the data optical signal is explained as 
io a signal of a single wavelength in the construction 
shown in Fig. 12, it may be a wavelength multiplexed 
signal. 

[0058] When the data optical signal is given as the 
wavelength multiplexed signal in Fig. 12, a wavelength 

is demultiplexer may be provided between the optical 
repeater 121 and the optical switch 123 and a wave- 
length multiplexer may be provided between the optical 
switch 123 and the optical repeater 122. Thus, the opti- 
cal switch 123 can realize switching in light units. Since, 

20 in this case, the number of optical signals to be changed 
over increases, it is necessary to construct the optical 
switch 123 on a large scale. 

[0059] Other optical cross-connect equipment accord- 
ing to the present invention will next be described with 

25 reference to Figs. 1 3 through 1 8. Fig. 1 3 is a diagram for 
describing another example of the optical cross-connect 
equipment constructed by using the optical repeaters 
according to the embodiments of the present invention 
explained so far. In Fig. 13, reference numerals 121-V 

30 through 121-n* and 122-V through 122-n* indicate opti- 
cal repeaters, reference numerals 16* indicate supervi- 
sory light sources, and reference numeral 125 indicates 
an optical circuit including optical switches. Other refer- 
ence numerals are identical to those shown in Fig. 12. 

35 Embodiments each illustrative of the optical circuit are 
shown in Figs. 14 through 18. 

[0060] In the optical cross-connect equipment 
described by reference to Fig. 12, when the level of the 
data optical signal inputted/outputted to and from each 

40 optical repeater 1 21 is large and the insertion loss of the 
optical switch 123 is small, the optical repeaters 122 
need not have the function of amplification. The optical 
cross-connect equipment shown in Fig. 13 illustrates an 
example constructed so that no amplifying function is 

45 provided in the optical repeaters. Namely, the optk&l 
cross-connect equipment shown in Fig. 13 comprises 
the optical repeaters 121-V through 121-n* and 122-1* 
through 122-n* which have no amplifying function. Each 
of the optical repeaters 121-V through 121-n* has the 

so function of dividing or demultiplexing and receiving the 
supervisory optical signal, whereas each of the optical 
repeaters 1 22-1 * through 122-n* has the function of mul- 
tiplexing and sending the supervisory optical signal and 
the data optical signal. Therefore, the light sources 16* 

55 included in the optical repeaters 122-V through 122-n* 
are respectively used only as the supervisory light 
sources. Therefore, the wavelength Xs of the light 
source may be a wavelength lying in a 1.3 Rfri band or 
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1 .5 fjim band (for example, at 1.51 p,m) which shows less 
loss in the transmission line, outside the band of the 
Erbium doped fiber. Alternatively, the wavelength 
thereof may be a wavelength of 1.48 Jim which is the 
same as that of the pumping light source. 5 
[0061] The supervisory optical signal sent from the 
upstream side includes a control signal of the optical cir- 
cuit 125. Thus, the optical switches, optical amplifiers, 
regenerators, etc. included in the optical circuit can be 
controlled by the control signal. Similarly, a control sig- w 
nal for cross-connect equipment on the downstream 
side may be included in a supervisory optical signal to 
be transmitted to the downstream side thereof. 
[0062] Examples of the optical circuits applicable to 
the optical cross-connect equipment shown in Fig. 13 15 
are shown in Figs. 14 through 18. The optical circuit 
125-1 shown in Fig. 14 is an optical matrix switch having 
a (m w + m r ) x n configuration. The optical circuit 125- 
1 switches WDM signals collectively. For example, when 

pieces of working fibers and m r pieces of restoration 20 
fibers are connected to their corresponding input termi- 
nals of the optical circuit 125-1, the optical circuit 125-1 
changes over transmission lines from the working fibers 
where failures occur, to the normal restoration fibers 
under the control of the controller 1 24 upon optical fiber 25 
cut or optical cable cut, thereby making it possible to 
realize the restoration from the failures. 
[0063] Here, the optical switch used in the optical cir- 
cuit may be a blocking type or non-blocking type. Fur- 
ther, the number of the inputs of the optical circuit and 30 
the number of the outputs thereof may be identical to 
each other or different from each other. Furthermore, 
while the WDM signal is described as a uni-directional 
one in the above-described example, it may be a uni- 
wavelength signal or a bi-directional signal. 35 
[0064] The optical circuit 1 25- V shown in Fig. 1 5 is an 
optical matrix switch having a n* x (n w ' + m^ configu- 
ration. The optical circuit 125-V switches WDM signals 
collectively. For example, when nV pieces of working 
fibers and ny pieces of restoration fibers are connected 40 
to their corresponding output terminals of the optical cir- 
cuit 1 25- 1 \ the optical circuit 1 25-1 ' changes over trans- 
mission lines from the working fibers where failures 
occur, to the normal restoration f toers under the control 
of the controller 124 upon optical fiber cut or optical 45 
cable cut, thereby making it possible to realize the res- 
toration from the failures. 

[0065] Here, the optical switch used in the optical cir- 
cuit may be a blocking type or non-blocking type. Fur- 
ther, the number of the inputs of the optical circuit and so 
the number of the outputs thereof may be identical to 
each other or different from each other. Furthermore, 
while the WDM signal is described as a uni-directional 
one in the above-described example, it may be a uni- 
wavelength signal or a bidirectional signal. ss 
[0066] The optical circuit 125-2-1 shown in Fig. 
16 comprises a wavelength demultiplexing circuit 
201. an optical switch 123 having a 


(m 1 +... + m n )x(m 1 , + mJ configuration, and a 
wavelength multiplexing circuit 202. The optical circuit 
125-2-1 wavelength-demultiplexes the input WDM sig- 
nals and performs switching every individual wave- 
lengths. Further, the optical circuit 125-2-1 performs 
wavelength multiplexing so as to produce each output. 
This has the function of performing routing for each 
wavelength. While the wavelength demultiplexing of the 
WDM signals is shared by a plurality of the wavelength 
multiplexing circuits 201 and 202, it may be shared by 
one wavelength demultiplexing circuit 201 and one 
wavelength multiplexing circuit 202. Here, the optical 
switch 123 is controlled by the controller 124 shown in 
Fig. 13. 

[0067] The optical switch employed in the optical cir- 
cuit may be a blocking type or non-blocking type. Fur- 
ther, the number of the inputs of the optical circuit and 
the number of the outputs thereof may be identical to 
each other or different from each other. Furthermore, 
while the WDM signal is described as a uni-directional 
one in the above-described example, it may be a uni- 
wavelength signal or a bi-directional signal. 
[0068] The optical circuit 125-2-2 shown in Fig. 1 7 is 
one in which the optical circuit 125-2-1 shown in Fig. 16 
is improved and it is applicable to long-distance optical 
fiber transmission. Therefore, regenerators 205 or opti- 
cal amplifiers 204 for each individual wavelengths are 
inserted between the wavelength demultiplexing circuit 
201 and the optical switch 1 23 having the 
(m 1 +... + m n )x(m 1 , + m n , ) configuration or 
between the optical switch 123 and the wavelength mul- 
tiplexing circuit 202. Further, an optical amplifier 203 for 
each WDM signal is inserted at the front stage of the 
wavelength demultiplexing circuit 201 or at the back 
stage of the wavelength multiplexing circuit 202. 
[0069] A wavelength outputted from each regenerator 
205 may be either of being variable or fixed. Further, it 
may be the same as that of the input wavelength or dif- 
ferent therefrom. The optical fibers 203 and 204 are 
controlled in output power according to a change in the 
bit rate of the optical signal. Here, the optical switch 1 23, 
regenerators 205. and optical amplifiers 203 and 204 
are controllable by the controller 124 shown in Fig. 13. 
[0070] The optical switch employed in the optical cir- 
cuit may be a blocking type or non-blocking type. Fur- " 
ther, the number of the inputs of the optical circuit and 
the number of the outputs thereof may be identical to 
each other or different from each other. Furthermore, 
while the WDM signal is described as a uni-directional 
one in the above-described example, it may be a uni- 
wavelength signal or a bi-directional signal. 
[0071] Fig. 18 shows the other embodiment of the 
optical circuit. The optical circuit 125-3-1 comprises a 
combination of an optical circuit 125-1 , an optical circuit 
125-2 (-1 or -2) and an optical circuit 125-r. With its 
construction, the switching in units of WDM signals by 
the optical circuit 1 25-1 is performed on the WDM signal 
inputs. Next, the switching in units of individual wave- 
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lengths is effected by the optical circuit 125-2-1 or 125- 
2-2. Finally, the change-over in units of the WDM sig- 
nals is performed by the optical circuit 125-1', followed 
by execution of the transmission of each output. 
[0072] According to the optical circuit 125-3-1, the s 
functions of the optical circuit 125-1, the optical circuit 

125- 2 and the optica) circuit 125-1 ' can be implemented 
simultaneously. Namely, the restoration from failures 
such as optical ftoer cut or optical cable cut, etc.. and 

the routing in wavelength units can be realized. 10 
[0073] The operation of the optical circuit 125-3-1 is 
controllable by the controller shown in Fig. 13. 
[0074] Other embodiments of the cross-connect 
equipment of the present invention will be described 
with reference to Figs. 19 through 24. Fig. 19 is a dia- is 
gram for describing the other example of the bi-direc- 
tional cross-connect equipment constructed by each 
optical repeater according to the embodiment of the 
present invention described heretofore. In Fig. 19, 
respective supervisory optical signal transmit- 20 
ters/receivers 126-1 through 126-n and 126-V through 

126- n* extract, by the wavelength demultiplexing, the 
wavelengths of supervisory optical signals from optical 
signals inputted from optical fibers, respectively and 
insert the supervisory optical signals into the optical sig- 25 
nals to be transmitted to the corresponding optical fibers 

by the wavelength multiplexing. 
[0075] Figs. 20 and 21 are respectively diagrams 
showing the configurations of the respective supervi- 
sory optical signal transmitter/receiver 126 and 126*. A 30 
signal sent from the corresponding optica! fiber passes 
through a wavelength multiplexer/demultiplexer 127 and 
a supervisory optical signal is separated or demulti- 
plexed from the signal by the corresponding optical 
repeater 121. The supervisory optical signal is con- 35 
verted to a supervisory electrical signal, followed by 
transmission to the controller 124. Conversely, a signal 
from the corresponding optical switch passes through 
the wavelength multiplexer/demultiplexer 127. Thereaf- 
ter, the optical repeater 122 multiplexes a supervisory 40 
optical signal converted into a supervisory electrical sig- 
nal sent from the controller 124 and sends it out to the 
corresponding optical fiber. Incidentally, as shown in 
Figs. 22 and 23, such constructions as to omit the 
respective wavelength multiplexer/demultiplexer 127 45 
from Figs. 20 and 21 are also possible. In this case, it is 
apparent from Fig. 22 and 23 that the sequence of the 
optical repeaters 121-1*. 122- V. and 121-2\ 122-2* may 
be set in reverse. 

[0076] Wavelengths As and As* of light sources so 
included in the optical repeaters 122 may be wave- 
lengths lying in a 1.3 \im band or 1.5 band (for 
example, at 1 .51 pm) which shows less loss in the trans- 
mission line, outside the band of an Erbium doped fiber. 
Alternatively, each wavelength thereof may be a wave- 55 
length lying within the band of the Erbium doped fiber. 
Further, each wavelength may be a wavelength of 1.48 
prn which is the same as that of the pumping light 


source. 

[0077] In Rg. 19, reference numeral 125 indicates an 
optical circuit including optical switches. Other refer- 
ence numerals are identical to those shown in Fig. 13. 
[0078] The supervisory optical signal sent from the 
upstream side includes a control signal of the optical cir- 
cuit 125. The optical switch, optical amplifier, regenera- 
tor, etc. included in the optical circuit can be controlled 
by the control signal. Similarly, the control signal for the 
optical cross-connect equipment on the downstream 
side may be included in the supervisory optical signal to 
be transmitted to the downstream side thereof. 
[0079] It is apparent from the reversibility of light that 
the example of the optical circuit applicable to the opti- 
cal cross-connect equipment shown in Fig. 19 may be 
any one of the optical circuits shown in Figs. 14 through 
16. One example thereof is shown in Fig. 24 illustrative 
of an example of an optical circuit in which the unidirec- 
tional optical circuit shown in Fig. 18 is bi-directionally 
used. 

[0080] In Fig. 24, the optical circuit 125-3-2 comprises 
a combination of an optical circuit 125-1, an optical cir- 
cuit 125-2 (-1 or -2) and an optical circuit 125-1 \ With its 
construction, the switching in units of WDM signals by 
the optical circuit 125-1 is performed on WDM signal 
inputs. Next, the switching in units of individual wave- 
lengths is effected by the optical circuit 125-2-1 or 125- 
2-2. Finally, the change-over in units of the WDM sig- 
nals is performed by the optical circuit 125-V, followed 
by execution of the transmission of each output. 
[0081] According to the optical circuit 125-3-2, the 
functions of the optical circuit 125-1. the optical circuit 
1 25-2 and the optical circuit 125-V can be implemented 
simultaneously. Namely, the restoration from failures 
such as optical fiber cut or optical cable cut. etc., and 
the routing in wavelength units can be realized. 
[0082] The operation of the optical circuit 125-3-2 is 
controllable by the controller shown in Fig. 19. The opti- 
cal switch employed in each optical circuit may be a 
blocking type or non-blocking type. Further, the number 
of the inputs of each optical circuit and the number of 
the outputs thereof may be identical to each other or dif- 
ferent from each other. 

[0083] Although the reference numeral 125-3-2 is 
affixed to the optical circuit for its description, the optical 
circuit 125-3-2 is basically identical to the optical circuit 
125-3-1 shown in Fig. 18. On the contrary, this means 
that the optical circuits shown in Figs. 14 through 16 can 
be used bi-directionally. 

[0084] Fig. 25 is a diagram for describing a further 
example of the optical cross-connect equipment con- 
structed by using the respective optical transmission 
equipment according to the embodiments of the present 
invention which have been described so far. In Fig. 25, 
reference numerals 131-1 through 131-n indicate data 
transmitters, reference numerals 132-1 through 132-n 
indicate data receivers, reference numerals 133-1 
through 133-n and reference numerals 134 : 1 ' through 
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134-n indicate optical transmission equipment, refer- 
ence numeral 135 indicates an optical switch, and refer- 
ence numeral 136 indicates a controller, respectively, 
[0085] The example of the optical cross-connect 
equipment shown in Fig. 25 shows a piece of optical s 
cross-connect equipment in which the optical transmis- 
sion equipment according to the respective embodi- 
ments of the present invention described above, the 
data transmitters and the data receivers are incorpo- 
rated therein. The optical cross-connect equipment w 
comprises the optical switch 135 having functions simi- 
lar to those described by reference to Fig. 12, a plurality 
of the data transmitters 131-1 through 131-n electrically 
connected to their corresponding plural input terminals 
of the optical switch 135, the data receivers 132-1 is 
through 132-n electrically connected thereto, a plurality 
of pieces of the optical transmission equipment 133-1 
through 133-n and 134-1 through 134-n electrically con- 
nected to their corresponding plural output terminals, 
and the controller 136 for controlling these over their 20 
entirety. 

[0086] The plurality of pieces of optical transmission 
equipment 133-1 through 133-n electrically connected 
to the output terminals of the optical switch 135 are 
used as those for transmitting data optical signals and 25 
supervisory optical signals. Further, one of the pieces of 
optical transmission equipment explained by reference 
to Figs. 1 through 4 and Fig. 8 is used for them. Moreo- 
ver, the plurality of pieces of optical transmission equip- 
ment 134-1 through 134-n electrically connected to the 30 
output terminals of the optical switch 135 are used as 
those for receiving the data optical signals and the 
supervisory optical signals. Those constructed except 
for the optical transmission equipment 91 of the optical 
repeaters described with reference to Figs. 9 and 1 0 are 35 
used for them. Incidentally, the data transmitters 131-1 
through 131-n and the data receivers 132-1 through 
132-n may be directly coupled so as to be used as the 
repeater in the above description. An example in which 
the data transmitter 131-n and the data receiver 132-n 40 
are directly connected to each other, is illustrated in Fig. 
25 by a broken line. Further, the respective optical 
transmission equipment 133-1 through 133-n may be 
replaced by the respective optical transmission equip- 
ment 122-1' through 122-n* shown in Fig. 13 respec- 45 
tively. Similarly, the respective optical transmission 
equipment 134-1 through 134-n may be replaced by the 
optical transmission equipment 121-r through 121-n' 
shown in Fig. 13, respectively. 

[0087] Furthermore, the data transmitter and the data so 
receiver may be different in transmission bit rate, 
respectively. The controller 136 is capable of controlling 
the output power level and gain of each optical trans- 
mission equipment according to the transmission bit 
rate. 55 
[0088] In the optical cross-connect equipment con- 
structed as described above, the optical switches, the 
large number of optical transmission equipment, the 


data transmitters and the data receivers included there- 
inside can be controlled by one controller, one light 
source can be shared as for the pumping light source 
and the supervisory information light source which are 
necessary for the optical transmission equipment, and 
the large number of optical transmission equipment can 
share the use of this light source. Therefore, the equip- 
ment can be constructed in a small size and at low cost. 
[0089] Although the data optical signal is described as 
a signal of a single wavelength in the construction 
shown in Fig. 25, it may be a wavelength multiplexed 
signal. 

[0090] The respective optical cross-connect equip- 
ment shown in Figs. 12, 13, 19 and 25 are extremely 
suitable for use in the construction of the node equip- 
ment of the optical network constructed by connecting 
the plurality of pieces of node equipment to one another 
through the optical fibers. Incidentally, various ones 
have been already known as specific configurations of 
the node equipment which makes use of the optical 
cross-connect equipment. 

[0091 ] Fig. 26 is a diagram showing an example of an 
optical network constructed by means of the optical 
repeaters according to the embodiments of the present 
invention described heretofore, and the respective node 
equipment which are constructed using the optical 
cross-connect equipment constructed by using the opti- 
cal repeaters. In Fig. 26, N1 through N5 indicate the 
node equipment respectively. The optical network 
shown in Fig. 26 is constructed so that a plurality of 
pieces of the node equipment N1 through N5 are con- 
nected to one another in a net-like manner by a plurality 
of optical f foers for bi-directionally transmitting signals. 
In general, the signal can be transmitted over a distance 
of about 70 km through the optical fiber without provid- 
ing an optical relay amplifier midway of the optical f foer. 
It is however necessary to provide the optical relay 
amplifier when the distance between the respective 
node equipment reaches greater than the above dis- 
tance. In the example shown in Fig. 26. the optical relay 
amplifiers indicated by marks A are suitably provided 
midway of the optical fibers. 

[0092] Each of the respective node equipment N1 
through N5 placed within the network comprises each 
of the optical cross-connect equipment described with 
reference to Figs. 12, 13, 19 and 25. Further, one of the 
respective optical transmission equipment explained 
with reference to Figs. 1 through 4 and Figs. 8 through 
10 can be used as the optical relay amplifiers provided 
midway of the optical ftoers used as the transmission 
line. As the optical relay amplifiers can be also used 
those each having a construction excluding the optical 
transmission equipment 91 of the optical repeaters 
described with reference to Figs. 9 and 10. As the opti- 
cal relay amplifiers midway of the optical fibers used as 
the transmission line, can be also used an optical relay 
amplifier described in U.S. Patent No. 5,500,756. Fur- 
ther, the optical transmission equipment explained with 
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reference to Fig. 6 can be also used as the optical relay 
amplifier with one-by-one optical fibers for transmitting a 
signal in the opposite directions as a set. 
[0093] The above-described network can be con- 
structed at low cost over its entirety by using the respec- s 
tive optical transmission equipment according to the 
respective embodiments of the present invention, the 
optical repeaters including the optical transmission 
equipment, and the optical cross-connect equipment 
using these optical repeaters. 10 
[0094] In the same manner as mentioned in the 
descriptions of Figs. 1 through 13 and Fig. 25, each 
data optical signal may be a signal of a single wave- 
length or a wavelength multiplexed signal in the con- 
struction shown in Fig. 26. is 
[0095] According to the present invention, as has 
been described above, one pumping and supervisory 
light source can be shared for the light source for pump- 
ing the doped fibers in each optical transmission equip- 
ment and the light source for supervisory information, 20 
thereby making it possible to simplify the construction of 
the optical repeater including the optical transmission 
equipment. According to the present invention, when 
the plurality of pieces of optical transmission equipment 
are used or the plurality of doped fibers are provided 2s 
within one optical transmission equipment, an effect can 
be obtained that the plurality of doped fibers can be 
pumped up by providing only one pumping and supervi- 
sory light source, and this light source can be also used 
for the supervisory information. 30 
[0096] The construction of the optical cross-connect 
equipment by the use of optical transmission equipment 
according to the present invention makes it possible to 
control the optical switches and the large number of 
optical transmission equipment included thereinside by 35 
one controller. Further, since one light source can be 
used in common as the pumping light source and the 
supervisory information light source and the large 
number of optical transmission equipment can share 
the use of this light source, the equipment can be con- 40 
struct ed in a small size and at low cost. 
[0097] Further, the respective optical transmission 
equipment according to the present invention and the 
node equipment provided with the optical cross-connect 
equipment using the pieces of optical transmission 45 
equipment according to the present invention are used 
so as to configure the optical network, whereby the 
entire optical network can be constructed at low cost. 

Claims 50 

1 . A piece of optical transmission equipment for ampli- 
fying a data signal light, multiplexing the same with 
a supervisory signal light and outputting the multi- 
plexed signal therefrom, comprising: 55 

a doped filter (11) for inputting said data signal 
light and a pumping light therein and outputting 


an amplified data signal light therefrom; 

a light source (16) for supplying said pumping 

light to said doped fiber (1 1) and supplying said 

supervisory signal light therefrom; and 

an optical circuit (10) comprising: 

a first port for inputting light from said light 

source; 

a second port for inputting said amplified signal 
light therein and outputting part of the light 
inputted from said first port, as a pumping light; 
and 

a third port for outputting the amplified signal 
light inputted from said second port and output- 
ting part of the light inputted from said first port, 
as the supervisory signal light. 

2. The optical transmission equipment according to 
claim 1, wherein said optical circuit (10) comprises 
an optical coupler (15) for inputting the light from 
said light source and dividing the light into the 
pumping light and the supervisory signal light, and 
a bi-directional multiplexing device (18) for supply- 
ing said pumping light to said doped fiber (11) and 
multiplexing said supervisory signal light and said 
amplified signal light. 

3. The optical transmission equipment according to 
claim 1 , wherein said optical circuit (10) comprises 
an optical coupler (15) for inputting the light from 
said light source (16) and dividing the light into the 
pumping light and the supervisory signal light, a 
first optical multiplexing device (12) for allowing said 
amplified signal light to pass therethrough and out- 
putting said pumping light in a direction opposite to 
that of said amplified signal light, and a second opti- 
cal multiplexing device (14) for multiplexing said 
amplified signal light and said supervisory signal 
light. 

4. The optical transmission equipment according to 
claim 1 1 further comprising: 

a driver (1 7) for driving said light source whose 
driving current is modulated by supervisory 
information. 

5. The optical transmission equipment according to 
claim 2, further comprising: 

a driver (1 7) for driving said light source whose 
driving current is modulated by supervisory 
information. 

6. The optical transmission equipment according to 
claim 3, further comprising: 

a driver (17) for driving said light source. whose 
driving current is modulated by supervisory 
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information. 

7. The optical transmission equipment according to 
claim 2, further comprising: 

5 

a modulator (19) for modulating said supervi- 
sory signal light with supervisory information 
thereby to obtain a second supervisory signal 
light. 

10 

8. The optical transmission equipment according to 
claim 3, further comprising: 

a modulator (19) for modulating said supervi- 
sory signal light with supervisory information is 
thereby to obtain a second supervisory signal 
light. 

9. An optical repeater for demultiplexing a transmitted 
data signal light and a transmitted first supervisory 20 
signal light amplifying said data signal light, multi- 
plexing the amplified data signal light and a third 
supervisory signal light, and outputting the multi- 
plexed signal therefrom, comprising: 

25 

a wavelength demultiplexer (92) for demulti- 
plexing said data signal light and said supervi- 
sory signal light; 

a supervisory light receiver (93) for receiving 
therein said first supervisory signal light demul- 30 
tiplexed by said wavelength demultiplexer and 
converting the same into a first supervisory 
electrical signal; 

a doped fiber (1 1) for inputting said data signal 
light and a pumping light therein and outputting 35 
an amplified data signal light therefrom; 
a light source (16); 

an optical coupler (15) for inputting light from 
said light source and dividing the light into the 
pumping light and a second supervisory signal 40 
light; 

a bi-directional optical multiplexing device (18) 
for supplying said pumping light to said doped 
fiber and multiplexing said third supervisory 
signal light and said amplified signal light; 45 
a modulator (19) for modulating said second 
supervisory signal light by a second supervi- 
sory electrical signal thereby to obtain the third 
supervisory signal light; and 

a controller (94) for receiving said first super vi- so 
sory electrical signal from said supervisory sig- 
nal receiver and sending said second 
supervisory electrical signal to said modulator. 

10. An optical repeater for demultiplexing a transmitted ss 
data signal light and a transmitted first supervisory 
signal light, amplifying said data signal light, multi- 
plexing the amplified data signal light and a third 


supervisory signal light and outputting" the multi- 
plexed signal therefrom, comprising: 

a wavelength demultiplexer (92) for demulti- 
plexing said data signal light and said supervi- 
sory signal light; 

a supervisory light receiver (93) for receiving 
therein said first supervisory signal light demul- 
tiplexed by said wavelength demultiplexer and 
converting the same into a first supervisory 
electrical signal; 

a doped ftoer (1 1) for inputting said data signal 
light and a pumping light therein and outputting 
an amplified data signal light therefrom; 
a light source (16); 

an optical coupler (15) for inputting light from 
said light source and dividing the light into the 
pumping fight and a second supervisory signal 
light; 

a first optical multiplexing device (12) for allow- 
ing said amplified signal light to pass there- 
through and outputting said pumping light in a 
direction opposite to that of said amplified sig- 
nal light; 

a second optical multiplexing device (14) for 
multiplexing said amplified signal light and said 
third supervisory signal tight; 
a modulator (19) for modulating said second 
supervisory signal light by a second supervi- 
sory electrical signal thereby to obtain the third 
supervisory signal light; and 
a controller (94) for receiving said first supervi- 
sory electrical signal from said supervisory sig- 
nal receiver and sending said second 
supervisory electrical signal to said modulator. 

11. A piece of optical cross-connect equipment for 
selecting connections between an input and an out- 
put with respect to an optical signal, comprising: 

an optical circuit (125) including an optical 
switch having a plurality of inputs and a plurality 
of outputs; 

first optical transmission equipment (121) con- 
nected to the plurality of inputs of said optical 
switch so as to receive a first supervisory sig- 
nal; 

second optical transmission equipment (122) 
connected to the plurality of outputs of said 
optical switch; and 

a controller (124) for controlling said optical 
switch, based on information included in said 
first supervisory signal. 

12. The optical cross-connect equipment according to 
claim 11, wherein said first optical transmission * 
equipment (121) comprises: 
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a wavelength demultiplexer (92) for demulti- 
plexing said data signal light and said first 
supervisory signal light, and a supervisory light 
receiver (93) for receiving therein said first 
supervisory signal light demultiplexed by said 5 
wavelength demultiplexer and converting the 
same into a first supervisory electrical signal, 
and said second optical transmission equip- 
ment comprises: 

an optical transmitter (16) for converting a sec- 10 
ond supervisory electrical signal outputted 
from said controller into an optical signal and 
transmitting a second supervisory signal light 
therefrom, and a wavelength multiplexer (14) 
for by-wavelength multiplexing a data signal 15 
sent from said optical circuit and the second 
supervisory signal light. 


cal transmission equipment (133. 134) accord- 
ing to the transfer bit rate. 


13. A piece of optical cross-connect equipment for 
selecting connections between an input and an out- 20 
put with respect to an optical signal, comprising: 


an optical switch (135) having a plurality of 
inputs and a plurality of outputs; 
a plurality of data transmitters (131) connected 25 
to the inputs of said optical switch; 
a plurality of data receivers (132) connected to 
the inputs of said optical switch; 
optical transmission equipment (133, 134) con- 
nected to the outputs of said optical switch; and 30 
a controller (136) for controlling said optical 
switch and said optical transmission equip- 
ment. 


1 4. The optical cross-connect equipment according to 35 
claim 13, further comprising repeaters (131-n, 132- 
n) for respectively connecting said data transmitters 
(131) and said data receivers (132) directly. 


15. The optical cross-connect equipment according to 40 
claim 13, wherein said plurality of data transmitters 
(131) and said plurality of data receivers (132) 
include either data transmitters (131) or data 
receivers (132) different from one another in the 
transfer bit rate, and 45 


said controller (136) controls output power lev- 
els of said optical transmission equipment 
(133, 134) according to the transfer bit rate. 

50 

16. The optical cross-connect equipment according to 
claim 13, wherein said plurality of data transmitters 
(131) and said plurality of data receivers (132) 
include either data transmitters (131) or data 
receivers (132) different from one another in the 55 
transfer bit rate, and 


said controller (136) controls gain of said opti 
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